Recently it has been experimentally shown that a peculiar behaviour has occurred in Strontium Niobate Oxide: under O-enrichment, SrNbO3.4, a spectral weight transfer in the plasmon spectra has generated multiple new plasmons in the visible to ultraviolet ranges from an initial single plasmon. Herewith, we theoretically investigate the origin of plasmons generation by means of first principle calculations. We infer that the spectral weight can be ascribed to the dielectric function local fluctuations called Local Field Effects. These are created by the presence of extra O atoms in the atomic structure. The Local Field Effects are unusually preponderant with formation of plasmons not affected by the theoretical chosen structure of SrNbO3.4 in the calculations. Our result shows a new path to generate multiple plasmons in the ultraviolet-deep ultraviolet regime.
INTRODUCTION
The Sr 1−x Nb 1−y O 3+δ family of Oxides are known to have rich structures and electronic properties that vary with O atoms content. For example, perovskite SrNbO 3 was conducting with an Nb 4d
1 [1] [2] [3] [4] electronic structure, and Sr 1−x NbO 3 [2] has been found to potentially be a good photocatalyst in water splitting applications [3] . On the other hand, O atoms-rich SrNbO 3.4 and SrNbO 3.5 , derived by interspersing the perovskite lattice of SrNbO 3 with extra O atoms planes along the [101] direction at certain periodic intervals [4, 5] , were quasione-dimensional (1D) conductor [4] [5] [6] [7] [8] and ferroelectric insulator [8, 9] , respectively.
Between these properties, very recently, multiple formation of plasmons, collective excitations, has been observed in SrNbO 3.4 [10] . The experimental findings have shown that these plasmons have multiple frequencies and are low loss in the visible-ultraviolet range, not obtainable from the classical single frequency bulk plasmon models in metals. Interestingly, the Drude tail in metals and in doped materials is displayed for SrNbO 3 whereas it is absent in SrNbO 3.4 . More obscure, these plasmons have been only observed in the enriched SrNbO 3.4 and they are transformed into a single intense plasmon as detected in the loss function of SrNbO 3 .
These features may be connected to a possible metalinsulator transition. In a recent work [11] , in the dynamical mean-field theory (DMFT) framework for impurities in materials [12, 13] it has been demonstrated that, taking also into account the particle-hole interactions by means of the Bethe Salpeter Equation (BSE), strongly correlated systems display an analogous spectral weight transfers in the calculated loss function with respect to the Independent Particle (IP) Random Phase Approximation (RPA) loss function: the final result is a generation of new different plasmon peaks accompanied by a suppression of the Drude response.
Nevertheless, SrNbO 3 has been broadly considered a weakly correlated material and it remains an interesting subject whether it can have a Mott transition when it is enriched with O atoms. In this letter, we investigate the loss function of SrNbO 3+δ (with δ = 0 and δ = 0.4) by using first principle calculations. The experimental findings [10] are compared with our RPA loss function with and without Local Field Effects (LFEs). The importance of LFEs, the rapid variations of the dielectric function, on loss spectra has been widely studied in various materials [14] [15] [16] [17] [18] [19] in which LFE strongly modified the shape and intensity of plasmon located at high energies where semicore local electrons were evolved [18] . In particular, we show that the RPA loss function calculations reproduce the observed conventional plasmon in SrNbO 3 . The nature of this plasmon is determined by the interplay between the inter and intra band transitions. In the IP approximation, this plasmon peak is still present in the enriched SrNbO 3.4 . Interestingly, the spectral weight transfer and the creation of unconventional plasmon peaks in the SrNbO 3.4 have to be attributed to LFEs which become determinant to theoretically describe experimental findings [10] .
COMPUTATIONAL DETAILS
The structure and physical properties of Strontium Niobates are known to be strongly dependent on their O atoms content [3] [4] [5] 9] .The simplest SrNbO 3 compound is a red d
1 Oxides with cubic perovskite structure. Besides, a homologous series Sr n Nb n O 3n+2 family can be derived arXiv:1707.06738v1 [cond-mat.str-el] 21 Jul 2017 from the 3D network of the SrNbO 3 perovskite structure by separating the NbO 6 octahedra parallel to the [101] planes [4, 5, 9] . These O atom-rich series have strong anisotropic structures which exhibit extra O planes separating the neighbouring layers along one crystal orientation.
A typical compound of SrNbO 3+δ (with δ = 0 and δ = 0.4) are chosen. We start with PBE-DFT ground state calculation using plane wave basis set with 500 eV cutoff energy and the PAW method as implemented in Vienna ab initio simulation package (VASP) [20, 21] . The used pseudopotentials are taken from the VASP library. The Sr-4s4p5s, Nb-4p5s4d, and O-2s2p orbitals are treated as valence states. The geometry structures are fully relaxed with 14 × 14 × 14 Γ centered k-point mesh for cubic SrNbO 3 and 9 × 7 × 1 Γ centered k-point mesh for layered SrNbO 3.4 supercell. The equilibrium lattice parameters are very close to that reported in the preceding works [4, 5] . In order to deal with the loss function, we have calculated the microscopic dielectric function ε(q, ω) G,G (where q and G are the reciprocal vectors in the first (IBZ) and full Brilloun zone, respectively, and ω is the frequency) in the RPA approach [22] . The macroscopic loss function is determined at the limit q → 0 as:
The off-diagonal elements of the dielectric function ε(q, ω) G,G in the matrix inversion of equation (1) are responsible for the LFEs and they become important in the inhomogeneous systems specially in compounds where the localization of the atomic orbitals like in the 3d and 4d transition metals plays a major role. In this calculations we have compared the RPA loss function spectrum with LFE and without them (i.e. inverting only the head (G = G = 0) of the dielectric function in equation (1), also called Independent Particle Approximation (IPA)). The LFEs are included taking into account the dielectric matrix with the energy cutoff for G vectors equal to 150 eV. In our analysis, we have also included the intraband transitions in the RPA susceptibility as implemented in dp-code [23] in order to quantify the effects on the Drude tail and on the plasmon peak nature.
RESULTS
In Fig. (1) , the complex dielectric function (ε) and Loss function for In the IP approximation, the most pronounced peak (dashed green line) of the loss functions is located at 0.87 eV, which coincides with zero of the real part and with a vanishing imaginary part of the dielectric function. This indicates the peak is a collective excitation of electrons which involves the plasmon resonance determined by the interbands transition of Nb 4d orbital near the Fermi en- ergy to O 2p orbitals. Another broad peak shows up at about 3 eV with the local minima of the ε 1 . It is worth to noticing that this broad peak is another form of collective excitation which is not conventional plasmon as the later requires zero of real part dielectric function. In SrNbO 3 , LFEs (dashed red line) do not play an important role and the loss function is almost unchanged. Nevertheless, when adding the intraband transitions (of Nb 4d orbitals), the total Drude tail shifts the plasmon peak up to 2.34 eV in the loss function. The position of new plasmon is about 0.44 eV higher with respect to the experimental findings. The shape and intensity of the loss function are in good agreement with the experimental loss function. From these calculations, we infer that the plasmon at 1.9 eV in SrNbO 3 are originated by cumulative effects of interband and intraband transitions.
The situation in the SrNbO 3.4 is very different. In Fig.  2 . we shows the same calculations for SrNbO 3.4 . The direction of the electric field is parallel to the [001] axis. This choice is originated by the experimental spectrum which shows the insulting phase of Sr 1−x Nb 1−y O 3+δ film grown under high O atom pressure (labelled as hp−SN O in Ref. [10] ). SrNbO 3.4 has a strong anisotropy similar to a quasi-1D material (which a layered structure shows in [001] direction) whereas in the other directions it maintains perovskite-like structures [24] .
The experimental findings (black dotted line) display a different physics. The Drude tail is absent, indication of an insulator behaviour in such direction. The main Plasmon peak in SrNbO 3 is not present and, through spectral weight transfer, new peaks are created at 1.7 eV, 3.0 eV, and 4.0 eV. On the other hand, the IP-RPA calculations of the loss function (green dashed line) the intense plasmon peak is still present in SrNbO 3 but red shifted in energy up to 1.2 eV. The Drude tail is absent demonstrating that the ground state DFT calculations are able to reproduce the insulating phase in this polarization direction. The overall dielectric function ε does not reproduce the experiments in the energy range between 0.5 eV and 4.0 eV . In the LFE-RPA picture (red line), two main plasmon peaks at 1.9 eV and 2.9 eV are found in good agreement with the experimental peaks. The third peak at 4 eV is instead not present. With respect to the experimental findings, the peaks are more intense. More important, differently to the experimental case, the peaks correspond to the zeros of the real part of the dielectric function.
Since SrNbO 3.4 belongs to n = 5 members of the layered series Sr n Nb n O 3n+2 family, in which the layers are n NbO 6 octahedra thick. We repeat the same calculations with a new structure of SrNbO 3.4 [24] which involves well-ordered stacking sequences of layers with different thickness, namely, the structure with sequence n = 4, 6, 4, 6,... This configuration shares the same total electron density as n = 5 SrNbO 3.4 and hence reveals the role of microscopic electron distribution in determining the theoretical dielectric properties. In Fig. 3 , the IP-RPA loss function is almost unchanged with respect to SrNbO 3.4 . In contrast, in the RPA-LFE results three main peaks appear in the loss function at 1.0 eV, 2.0 eV, and 3.3 eV. They are less intense and the real part of the dielectric function becomes more similar to the experimental one. The shift between the imaginary part of the dielectric function and the loss function, indicative of plasmon features, is absent: in this configuration these peaks are rather collective excitations. Furthermore, it has to be considered that in the experiment [10] the sample under study may contain different oxygen content and configurations. Therefore, in principle, these collective modes can become multiple genuine plasmons. In summary, we have analyzed the dielectric function and loss function of two typical Strontium Niobate compounds: SrNbO 3 and SrNbO 3.4 . Through fully ab initio calculations, we proved that most of the behaviour of experimental plasmons generation can be reproduced within RPA approach when the LFEs are taken into account. Our results have shown that in the isotropic metallic SrNbO 3 the plasmon determined by the coexistence of both inter and intra band transitions, dominates the collective excitation in this material. On the other hand, in SrNbO 3.4 due to the layered anisotropic structure, LFEs have a fundamental impact on the loss spectrum and reshape completely the loss function. The spectral weight transfer is stable and it is not affected by different O atom configurations.
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